Brain pulsation is a well-known observation in neurosurgery, but methods for its visualization on MR imaging, like phase imaging, do not provide a detailed structural view. We prospectively investigated electrocardiographic (ECG)-gated cine true fast imaging with steadystate precession (FISP) sequence on volunteers to test a sequence for demonstrating brain pulsation and movements of intracranial structures related to CSF dynamics.
B
rain pulsation and related CSF dynamics, which are observed by neurosurgeons, have so far been investigated by phasecontrast MR imaging, 1 cine echo-planar imaging, 2 or complementary spatial modulation of magnetization (CSPAMM). 3 Although these methods allow quantification of movement, they do not provide detailed anatomic information in a cine view throughout the cardiac cycle. Electrocardiographic (ECG)-gated true fast imaging with steady-state precession (FISP) 4 sequences, which can be viewed as cine sequences, are widely used to investigate cardiac motion 5 with high temporal and spatial resolution. The contrast of cine true-FISP is similar to constructive interference in steady state, which gives a high signal intensity from CSF and a uniform low signal intensity from the brain, bone, cranial nerves, or ventricular walls. 6 The aim of this study was to investigate if cine true-FISP is capable of demonstrating brain pulsations and movements of intracranial structures related to CSF dynamics. The lamina terminalis (Fig 1) , which moves passively by CSF dynamics and is surrounded by CSF and therefore well suited to be imaged by the contrast characteristics of cine true-FISP, was chosen for studying the pulsatility of the brain. The optic recess diameter was chosen for means of objective quantification of the degree of pulsatility.
Materials and Methods
The movement of the lamina terminalis at the midsagittal level caused by CSF dynamics was examined in 11 healthy subjects by cine true-FISP MR imaging on a 1.5T unit (Avanto; Siemens, Erlangen, Germany). The midsagittal plane was determined by a 3D sequence (MPRAGE), as well as with the help of transversal (T2 TSE) and coronal planes completed first. There were 6 women and 5 men aged 21 to 29 years (mean age, 24 years). All volunteers were in good health and without any neurologic pathologic disorders. A commercially available, built-in, prospectively cardiac-gated cine true-FISP sequence was used. [7] [8] [9] A TR of 80 ms and a TE of 5 ms were used throughout the study. In this sequence, there were 3 section positions with 50 phases acquired. Because of different heart rates, the time between consecutive images of 1 series differed from subject to subject. Other sequence data were 230 ϫ 230-mm 2 FOV, band width 130 Hz/Px, 320 ϫ 320 matrix, and 2.5-mm section thickness. The images were transferred to an MR imaging workstation (Siemens) running Argus. The investigator studied the acquired images in a cine mode to assess the pulsatile motion of the lamina terminalis and third ventricular margins. For the following measurements, the Argus distance-tool was used. Figure 2 represents the examined region including the lamina terminalis and explains where the optic recess was used for the measurements. 10 On the basis of the visual assessment on the cine mode, the point of maximal pulsatility was measured at this level for all phases of the cardiac cycle, as shown in Fig 2. Together with the registered RR-interval and corresponding timings, the 50-diameter measurements per subject were submitted to Excel 2003 (Microsoft, Redmond, Wash) for additional statistical evaluation. Mean maximum and minimum during heart cycle were calculated for each volunteer. Means and SDs were also calculated for the group of subjects. The point in time related to the first R-wave when the maximal diameter appears was evaluated in absolute values and as a fraction of the RR-interval duration.
Results
On visual inspection, all subjects demonstrated qualitative motion of the lamina terminalis (on-line videos 1 and 2, Fig 3) , brain pulsation (on-line video 3), and CSF dynamics. Quantitative measurements of the optic recess (Table and Fig . 4) confirmed the movement of the third ventricular walls. In summary of all 11 cases without any consideration of movement, the average diameter of the optic recess was 2.5 mm but varied from 1.9 to 3.1 mm depending on individual anatomic variations. During the cardiac cycle, the average change of the optic recess diameter through all 11 volunteers was 1.0 mm. The largest measured difference between the minimal and maximal optic recess diameter was 1.5 mm, increasing from 1.8 mm to the maximum of 3.3 mm (subject H in accompanying Table) . ECG-recorded RR-intervals varied from 765 to 1300 ms (mean, 950 ms). On average, the maximal diameter of the optic recess was reached at a time of 361 ms after the R-wave, corresponding to 38% of the RR interval from the beginning of the RR-cycle (Table) .
Discussion
Brain pulsation resulting from pulsatile blood flow is very well known by neurosurgeons and has been measured by quantitative MR methods such as phase imaging, which shows a general cardiac-cycle-dependent movement of all brain structures. 1 Shortly after carotid systole, a caudal motion of central brain structures in a range of 0.1 to 0.5 mm concurs with upward motion of peripheral structures. Simultaneously to this motion, Enzmann and Pelc 7 observed caudal motion of CSF in the cervical subarachnoid space. Schroth and Klose 11 measured that the CSF flow from the third to the fourth ventricle begins 200 ms after the R-wave. The maximal dilation of the optic recess observed in our study was observed at 361 ms, giving approximately 161 ms to reach the maximal dilation of the optic recess after the beginning of craniocaudal flow.
The position where the optic recess diameter was measured was subjectively chosen by the investigator to find the location of where the change in diameter has its maximum. It was not the aim of the study to define a reproducible point for measurements (eg, in relationship to the rostral end of the optic recess). If future studies show changes in pulsatility of the optic recess in certain diseases (eg, possibly in chronic hydrocephalus with dilation of the optic recess), it would become interesting to more accurately define a position to carry out measurement of the movement of the lamina terminalis.
In our study, cine true-FISP is presented as an MR method that is capable of giving detailed anatomic information of brain pulsation and movement of the anterior borders of the third ventricle because of CSF dynamics. Although phase imaging is already widely used to study CSF dynamics and has applications, for example, in the diagnosis of normal pressure hydrocephalus, obstruction of the cerebral aqueduct, or demonstration of altered CSF dynamics after CSF shunt surgery, 12 ,13 the potential diagnostic scope of cine true-FISP is different. In our study, it is shown that cine true-FISP is capable of delineating the movement of the lamina terminalis as a representative CSF-surrounded intracranial structure. Moving structures cannot be very well delineated by MR methods, which are not ECG triggered and are blurred because of insufficient temporal resolution in standard MR images. Therefore, cine true FISP should be especially useful in settings such as the diagnosis of arachnoid cysts with moving membranes, evaluation of the structural result of third ventriculostomy, study of the structural dynamics in Chiari malformation and syringomyelia, or for anatomic studies of small arachnoidal membranes 14 such as the Liliequist membrane. These possible applications are subject to additional studies.
Details on volunteers (A-K) regarding duration of RR-intervals and measurements of the optic recess diameter
The dephasing, which is observed in cine true-FISP in areas with high CSF flow velocities such as the cerebral aqueduct, leads to hypointense labeling of the moving CSF and gives a direct impression of CSF flow and turbulence in these areas (on-line video 1).
Taken together, cine true-FISP, with its anatomic images, is complementary to phase imaging, with its potential to quantify flow, to study brain pulsation and CSF dynamics. In neuroradiology, cine true-FISP has its major advantage in the study of moving structures surrounded by CSF.
Conclusion
Cine true-FISP MR imaging represents an effective method to investigate pulsating intracranial structures surrounded by CSF, such as the lamina terminalis, with high temporal and spatial resolution. Therefore, cine true-FISP should be suited for the analysis of pathologic processes in the ventricular system (eg, after ventriculostomy, arachnoidal cysts, aqueductal stenosis, and similar diseases), which will be subject to additional studies. Measurements of the pulsatility of the optic recess could play a role in diseases with changes of the optic recess diameter, such as chronic hydrocephalus, or after CSF shunt surgery.
Fig 4.
Diameter of the optic recess during 2 cardiac cycles. Dotted line gives the mean diameter for the group of subjects with SDs; continuous line is the moving average. Image 1 on the x-axis refers to the first R-wave, the next R-wave locates at image 50.
